elements are determined using APSO algorithm. The radiation patterns of the dipole elements are compared to those of the isotropic elements. Optimization is carried out to compute the excitation and geometry of individual array elements that will generate low SLLs with prefixed dynamic range ratio (DRR). The main concern of the paper is to find the best arrangement of linear array of dipoles which can give a relative SLL as low as possible with coupling effect taken into consideration. Mutual coupling is compensated by prefixing DRR at lower value. The results obtained have shown the applicability of the APSO to antenna design problems and the patterns are synthesized for different number of elements.
The rest of this paper is organized as follows. In Section II, The synthesis of linear antenna array geometry, Formulation of the array factor and Fitness function are explained. Section III, deals with the concepts of Accelerated Particle Swarm Optimization. The synthesized patterns with reduced sidelobe level for different array elements are presented in Section IV. Finally, the conclusions are drawn in Section V.
II. Problem Formulation
An array of 2N number of identical half-wavelength dipoles spaced a distance d n ,n-1 apart along the zaxis as shown in Fig.1 is considered 
Fig 1. Linear array of dipoles along z-axis
Assuming sinusoidal current distribution of dipole antenna directed along the z-axis, the element pattern is calculated using Equ. (1).Excitation and geometry are assumed symmetric with respect to the centre of the array. The far field AF(θ) pattern in the horizontal xy plane considering the element pattern, F(θ) is given by
Normalized radiation pattern in dB can be expressed as follows.
Here, n is the element number, k =2π/λ is the wave number, λ is the wavelength, d n is the distance of centre of the n th element from origin, N is the total number of elements, θ is the polar angle of the far field measured from broad side.
The radiation pattern produced by the array is required to satisfy the condition of low SLL and optimum dynamic range ratio (DRR). DRR is the ratio of maximum value of excitation amplitude to the minimum value. To optimize the arrays according to the above two conditions, the fitness function is expressed as
Here a and b are the weight factors, DRR, DRR des are obtained and desired values of the corresponding terms. The Accelerated PSO algorithm attempts to minimize the fitness function to meet the desired pattern specification.
III. Accelerated Particle Swarm Optmization PSO is an evolutionary algorithm based on the behavior of swarm of bees and flock of birds generally seen in nature [20] . PSO was developed by Kennedy and Eberhart in the year 1995. PSO algorithm is based on the principle that each solution can be represented as a particle in a swarm. It depends on the movement and intelligence of swarms which consists of agents called particles. These particles are allowed to fly within the solution space randomly without any prior knowledge. Each agent has a position and velocity vector and each position coordinate represents a parameter value. The algorithm evaluates the fitness function, the position with the best value in the entire search is called the global best, gbest and the individual best value is called as personal best, pbest. Initially each agent is initialized with random position and velocity. For each iteration, the velocity and position of the particles are updated by using the following equations respectively.
Here, w is the inertia coefficient of the particle which plays an important role in PSO was introduced by Eberhart and Shi [21] . V n (t+1) is the current particle velocity, V n (t) is the previous particle"s velocity, X n (t+1) is the current particle"s position, X n (t) is the previous particle"s position. r 1 and r 2 are uniformly distributed random numbers in the range [0.1]. c 1 and c 2 are the acceleration constants which control the relative effect of the pbest and gbest particles. pbest is the current personal best value, gbest is the global best value.
A new evolutionary algorithm, variant of PSO which extends the standard PSO algorithm used in the design of linear antenna array is Accelerated Particle Swarm Optimization. APSO was introduced by Xin She Yang in the year 2008. The standard PSO uses both pbest and gbest value, this version of APSO uses only gbest as it could accelerate the convergence of the algorithm faster. The position and velocity vectors of the particles are initialized randomly and are updated with time using Equs. (6-7). These two equations are combined into a single equation which increase the convergence even further is given by
The typical values of APSO are α =0.1 to 0.4 and β=0.1 to 0.7. Here α is taken as 0.2 and β as 0.5. The advantage of using this algorithm is to reduce the randomness as the numbers of iterations proceed. This can be done by using a monotonically decreasing function given by
Here γ is the control parameter which is taken as 0.97 and t is the number of iterations or time steps where   max t , 0 t  and t max is the maximum value of the iterations. The performance of APSO algorithm depends on the control parameters. The simulation parameters are carefully chosen. Table 1 .1 shows the control parameters for APSO are set as shown below. 
IV. Results
In the present work, APSO algorithm is applied for the synthesis of linear arrays. An array of 10, 12, 20 and 24 elements are considered. The excitation current amplitude and inter-element spacing is varied in the range of 0 to 1 and 0.4 to 0.8 wavelengths respectively. All the excitation phases are kept at 0 degree. Desired DRR value of amplitude distribution is prefixed at 7.0. For an array of 10 elements only 5 amplitudes and 4 inter-element distances are to be optimized due to symmetry. The first element is placed at a prefixed distance of 0.2 from the origin. For N=10, the lowest sidelobe level obtained for dipole radiators is about -36.41 dB.The normalized excitation amplitudes and optimum element positions are shown in Tables 2-5 . Figs. (2-9) depicts the optimum excitation amplitudes, positions and corresponding radiation patterns of dipole and isotropic radiators for 10, 12, 20 and 24 elements. Table 6 shows the obtained sidelobe level, null to null beam width, directivity and drr values for the same number of array elements. 
V. Conclusion
This paper presents a technique based on Accelerated PSO for the synthesis of non-uniformly spaced linear array. An appropriate excitation amplitude distribution and spacings are determined in order to achieve the low sidelobe level with maximum directivity and fixed DRR. Fixing the DRR of excitation amplitude distribution to a lower value reduces the effect of mutual coupling. The results reveal that the synthesized patterns of the array of dipole radiators possess a considerable relatively low sidelobe level without enhancing the beam width. Thus, APSO is best suited for solving synthesis problems in electromagnetics and this method can be extended to other geometries and constraints.
